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SPECIFICATION 

PWM DRIVE CIRCUIT 
Technical Field 

[0001] The present invention relates to a PWM drive circuit, and more particularly to 

a PWM drive circuit that can reduce switching noise. 

Background Art 

[0002] In PWM drive circuits, through rate control is generally performed to reduce 

switching noise (for example, see [0007] of Patent Document 1). Through rate 
control is performed aimed at reducing switching noise by making a gate voltage of a 
power MOS transistor for driving a load (hereinafter a "load driving power MOS 
transistor'*) rise or drop gradually. 

[0003] Here, an example of the configuration of a conventional PWM drive circuit in 

which through rate control is performed is shown in FIG. 5. The PWM drive circuit 
shown in FIG. 5 includes P-channel MOS transistors (hereinafter "PMOS transistors") 
Ql, Q3, and Q5, N-channel MOS transistors (hereinafter "NMOS transistors") Q2, Q4, 
and Q6, resistors Rl and R2, and an output terminal 3. 

[0004] The PMOS transistor Ql and the NMOS transistor Q2 together form an 

inverter circuit 1, and an output end thereof is connected to thq gate of the PMOS 
transistor Q5 via the resistor RL The PMOS transistor Q3 and the NMOS transistor 
Q4 together form an inverter circuit 2, and an output end thereof is connected to the 



gate of the NMOS transistor Q6 via the resistor R2. A constant voltage Vcc is 
applied to the source of the PMOS transistor Q5, and the source of the NMOS 
transistor Q6 is grounded. The drain of the PMOS transistor Q5 and the drain of the 
NMOS transistor Q6 are connected to the output terminal 3. 
[0005] The inverter circuit 1 inverts a PWM voltage Vpwm inputted thereto and 

outputs the resultant voltage. Since the output of the inverter circuit 1 is fed to the 
gate of the PMOS transistor Q5 by way of a CR circuit built with the resistor Rl and a 
capacitance of the PMOS transistor Q5 (such as a gate-source capacitance or a gate- 
backgate capacitance), a gate voltage of the PMOS transistor Q5 rises or drops 
gradually. 

[0006] The inverter circuit 2 inverts a PWM voltage Vpwm inputted thereto and 

outputs the resultant voltage. Since the output of the inverter circuit 2 is fed to the 
gate of the NMOS transistor Q6 by way of a GR circuit built with the resistor R2 and a 
capacitance of the NMOS transistor Q6 (such as a gate-source capacitance or a gate- 
backgate capacitance), a gate voltage of the NMOS transistor Q6 rises or drops 
gradually. 

[0007] As described above, since the gate voltages of the PMOS transistor Q5 and the 

NMOS transistor Q6, which are load driving power MOS transistors, rise or drop 
gradually, it is possible to reduce switching noise. 

[0008] Additionally, in the PWM drive circuit shown in FIG. 5, when the PWM 

voltage VpwM is at a High level, the PMOS transistor Q5 is turned on and the NMOS 
transistor Q6 is turned off, whereby a value of the output voltage Vqut outputted from 
the output terminal 3 becomes approximately equal to Vcc; when the PWM voltage 
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VpwM is at a Low level, the PMOS transistor Q5 is turned off and the NMOS transistor 
Q6 is turned on, whereby a value of the output voltage Vqut outputted from the output 
terminal 3 becomes approximately equal to zero. 

[0009] Another example of the configuration of a conventional PWM drive circuit in 

which through rate control is performed is shown in FIG. 6. In Fig. 6, such circuit 
blocks as are found also in Fig. 5 are identified with the same reference numerals, and 
their explanations will not be repeated. 

[0010] The PWM drive circuit shown in FIG. 6 differs from the PWM drive circuit 

shown in FIG. 5 in the following ways. The resistor Rl is removed and instead a 
circuit in which resistors R3 and R4 are connected in series is provided between the 
drain of the PMOS transistor Ql and the drain of the NMOS transistor Q2, the gate of 
the PMOS transistor QS is connected to a node at which the resistors R3 and R4 are 
connected together, the resistor R2 is removed and instead a circuit in which resistors 
R5 and R6 are connected in series is provided between the drain of the PMOS 
transistor Q3 and the drain of the NMOS transistor Q4, and the gate of the NMOS 
transistor Q6 is connected to a node at which the resistors R5 and R6 are connected 
together. 

[001 1] As is the case with the PWM drive circuit shown in FIG. 5, the PWM drive 

circuit shown in FIG. 6 can reduce switching noise because a CR circuit built with the 
resistor R3 or R4 and a capacitance of the PMOS transistor Q5 (such as a gate-source 
capacitance or a gate-backgate capacitance) makes a gate voltage of the PMOS 
transistor Q5, which is a load driving power MOS transistor, rise or drop gradually 
and a CR circuit built with the resistor R5 or R6 and a capacitance of the NMOS 



transistor Q6 (such as a gate-source capacitance or a gate-backgate capacitance) makps 
a gate voltage of the NMOS transistor Q6, which is a load driving power MOS 
transistor, rise or drop gradually. 
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Disclosure of the Invention 

Problems to be Solved by the Invention 

[0012] Here, FIG. 7A shows a time chart of a PWM voltage Vpwm, a gate voltage Vgp 

of the PMOS transistor Q5, a gate voltage Vgn of the NMOS transistor Q6, and an 
output voltage Vqut as observed when the PWM voltage Vpwm is switched from a 
High level to a Low level in the conventional PWM drive circuit shown in FIG. 5 or 6. 
For the gate voltage Vgp of the PMOS transistor Q5, the gate voltage Vgn of the 
NMOS transistor Q6, and the output voltage Vqut, waveforms thereof as observed 
when current flows from the output terminal 3 to a load (when sourcing current) and 
when current flows into the output terminal 3 (when sinking current) are shown. 

[0013] The gate voltage Vgn of the NMOS transistor Q6 gradually rises with a time 

constant of the CR circuit from a point (tl) at which the PWM voltage Vpwm is 
inverted from a High level to a Low level. Then, at a point (t2) at which the gate 
voltage Vgn of the NMOS transistor Q6 reaches a threshold value Vthn, the NMOS 
transistor Q6 is switched from off to on. 

[0014] Even after the NMOS transistor Q6 is switched from off to on, the gate voltage 

Vgn of the NMOS transistor Q6 continues to rise gradually with a time constant of the 



CR circuit iintil a point (t3) at which it reaches a predetermined value (which is nearly 
equal to Vcc)- This makes it impossible for the NMOS transistor Q6 to obtain a 
sufficiently low on-resistance during the period between t2 and t3. 

[001 5] On the other hand, when the PWM voltage Vpwm is switched from a Low level 

to a High level, the PMOS transistor Q5 cannot obtain a sufficiently low on-resistance 
in a given period of time (see FIG. 7B). 

[0016] With the conventional PWM drive circuit shown in FIG. 5 or 6, although 

switching noise is reduced by the through rate control, there arises a problem that 
switching loss is increased because the load driving power MOS transistor cannot 
obtain a sufficiently low on-resistance during the period from the point at which the 
load driving power MOS transistor is switched from off to on until the point at which 
the gate voltage thereof is completely inverted. This problem becomes much more 
pronounced when an output of the PWM drive circuit is fed to a load including an 
inductance component. 

[0017] Patent Document 1 aims at reducing switching noise and switching loss by 

providing an oscillation circuit and a backflow prevention diode in a drive control 
device that drives a motor by performing PWM control thereof. However, with this 
configuration, there arises a new problem that, for example, a coil of the oscillation 
circuit hampers the miniaturization of the device. 

[0018] In view of the conventionally experienced problems described above, it is an 

object of the present invention to provide a PWM drive circuit that suffers less from 
switching noise and switching loss. 
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Means for Solving the Problem 

[0019] To achieve the above object, according to the present invention, a PWM drive 

circuit is provided with: a field-effect transistor for driving a load (hereinafter a "Ipad 
driving field-effect transistor"); a through rate control portion for reducing a through 
rate of a voltage based on a PWM voltage and then feeding the resultant voltage to a 
gate of the load driving field-effect transistor; and a gate voltage control portion for 
stopping an operation of the through rate control portion and pulling up or down a gate 
potential of the load driving field-effect transistor to a predetermined value upon 
detecting during a transition period of a gate voltage of the load driving field-effect 
transistor that an output voltage of the load driving field-effect transistor has almost 
been inverted and become approximately equal to a value obtained when the load 
driving field-effect transistor is completely on. 
[0020] With this configuration, the load driving field-effect transistor quickly 

transitions when, during a transition period of the gate voltage of the load driving 
field-effect transistor, the output voltage of the load driving field-effect transistor is 
almost inverted and becomes approximately equal to a value obtained when the load 
driving field-effect transistor is completely on. This makes it possible to shorten the 
period from the point at which the load driving field-effect transistor is switched from 
off to on until the point at which the gate voltage is completely inverted. This helps 
shorten the period during which the on-resistance of the load driving field-effect 
transistor is relatively high, and thus helps reduce switching loss. Furthermore, as is 
the case with the conventional example, when the load driving field-effect transistor is 
switched from on to off as a result of the inversion of the PWM voltage, the gate 



voltage of the load driving field-effect transistor gradually varies with a characteristic 
of the through rate control portion. This makes it possible to reduce switching noise. 

[0021] Preferably, as a result of detection of the PWM voltage and the output voltage 

of the load driving field-effect transistor, only when a value of the PWM voltage is 
found to be at a level at which the load driving field-effect transistor is turned on and a 
value of the output voltage of the load driving field-effect transistor is found to be 
approximately equal to a value obtained when the load driving field-effect transistor is 
completely on, the gate voltage control portion may stop the operation of the through 
rate control portion and pull up or down the gate potential of the load driving field- 
effect transistor to the predetermined value. 

[0022] With this configuration, it is possible to prevent the gate voltage control 

portion from imnecessarily stopping the operation of the through rate control portion 
and pulling up or down the gate potential of the load driving field-effect transistor to 
the predetermined value. This ensures accurate on/off switching of the load driving 
field-effect transistor according to the PWM voltage. 

[0023] The PWM drive circuit according to the present invention can be applied to 

motor drive circuits, DC-DC converters, or the like. 

Effect of the Invention 

[0024] According to the present invention, it is possible to achieve a PWM drive 

circuit that suffers less from switching noise and switching loss. 
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Brief Description of Drawings 

[0025] [Fig. 1] A diagram showing an example of the configuration of a PWM drive circuit 
according to the present invention. 

[FIG. 2] A diagram showing an example of the circuit configuration of the PWM drive 
circuit shown in FIG. 1 . 

[FIG. 3 A] A time chart of voltages of relevant circuit blocks of the PWM drive circuit 
shown in FIG. 2. 

[FIG. 3B] A time chart of voltages of relevant circuit blocks of the PWM drive circuit 
shown in FIG. 2. 

[FIG. 4] A block diagram showing an example of the configuration of a motor drive 
circuit according to the present invention. 

[FIG. 5] A diagram showing an example of the configuration of a conventional PWM 
drive circuit. 

[FIG. 6] A diagram showing another example of the configuration of a conventional 
PWM drive circuit. 

[FIG. 7A] A time chart of voltages of relevant circuit blocks of the PWM drive circuit 
shown in FIG. 5 or 6. 

[FIG. 7B] A time chart of voltages of relevant circuit blocks of the PWM drive circuit 
shown in FIG. 5 or 6. 



List of Reference Symbols 
[0026] 1 , 2 inverter circuit 

3 output terminal 
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4, 5 


gate voltage control portion 


6 


AND gate 


7 


OR gate 


8 


motor drive circuit 


9 


U-phase PWM drive circuit 


10 


V-phase PWM drive circuit 


11 


W-phase PWM drive circuit 


12 


PWM voltage generation circuit 


13 


three-phase brushless motor 


Q 1 , Q3, Q5, Q8 PMOS transistor 


Q2, Q4, Q6, Q7 NMOS transistor 


Rl to R6 resistor 



Best Mode for Carrying Out the Invention 

[0027] Hereinafter, one embodiment of the present invention will be described with 

reference to the accompanying drawings. An example of the configuration of a 
PWM drive circuit according to the present invention is shown in FIG. 1 . In Fig. 1 , 
such circuit blocks as are found also in Fig. 6 are identified with the same reference 
numerals, and their explanations will not be repeated. 

[0028] The PWM drive circuit of the present invention shown in FIG. 1 differs from a 

PWM drive circuit shown in FIG. 6 in that gate voltage control portions 4 and 5 are 
additionally provided. The gate voltage control portion 4 detects an output voltage 
VouT and a PWM voltage VpwM- If the output voltage Vqut is found to have been 
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increased to a predetermined value (which is nearly equal to Vcc) and have almost 
been inverted and the PWM voltage Vpwm is found to be at a High level, the gate 
voltage control portion 4 pulls down the gate potential of the PMOS transistor Q5 to 
reduce the gate voltage of the PMOS transistor Q5 quickly, thereby shortening the 
time needed to completely invert the gate voltage of the PMOS transistor Q5. 

[0029] The gate voltage control portion 5 detects an output voltage Vqut and a PWM 

vohage VpwM- If the output voltage Vqut is foimd to have been reduced to a 
predetermined value (which is nearly equal to zero) and have almost been inverted and 
the PWM voltage Vpwm is found to be at a Low level, the gate voltage control portion 
5 pulls up the gate potential of the NMOS transistor Q6 to increase the gate voltage of 
the NMOS transistor Q6 quickly, thereby shortening the time needed to completely 
invert the gate voltage of the NMOS transistor Q6. 

[0030] Since the PWM drive circuit of the present invention shown in FIG. 1 is 

provided with the gate voltage control portions 4 and 5 that perform the operations 
described above, it is possible to shorten the period from the point at which the PMOS 
transistor Q5 or the NMOS transistor Q6, which is a load driving power MOS 
transistor, is switched from off to on until the point at which the gate voltage is 
completely inverted. This helps shorten the period during which the on-resistance of 
the load driving power MOS transistor is relatively high, making it possible to reduce 
switching loss. Moreover, as is the case with the conventional example, when the 
load driving power MOS transistor is switched from on to off as a resuh of the 
inversion of the PWM voltage Vpwm, the gate voltage of the load driving power MOS 
transistor gradually varies with a time constant of the CR circuit until the output 
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voltage VouT is almost inverted. This helps reduce switching noise. 
[0031] Instead, the gate voltage control circuit 4 can be made to detect only an output 

voltage Vqut so that, if the output voltage Wom is found to have been increased to a 
predetermined value (which is nearly equal to Vcc) and have almost been inverted, the 
gate voltage control circuit 4 pulls down the gate potential of the PMOS transistor Q5, 
and the gate voltage control circuit 5 can be made to detect only an output voltage 
VouT so that, if the output voltage Vqut is found to have been reduced to a 
predetermined value (which is nearly equal to zero) and have almost been inverted, the 
gate voltage control circuit 5 pulls up the gate potential of the NMOS transistor Q6. 
However, to prevent the gate potential of the load driving power MOS transistor fix)m 
being pulled up or down more than necessary, it is preferable to adopt the 
configuration shown in FIG. 1. Alternatively, it is also possible to reduce switching 
noise and switching loss, as is the case with the PWM drive circuit shown in FIG. 1, 
by configuring the PWM drive circuit in the following ways. The resistors R3 and 
R4 are removed fix)m the PWM drive circuit shown in FIG. 1 and instead a resistor is 
provided that is connected at one end thereof to a node at which the PMOS transistor 
Ql and the NMOS transistor Q2 are connected together and is connected at the other 
end thereof to a node at which the gate of the PMOS transistor Q5 and the gate voltage 
control portion 4 are connected together, and the resistors R5 and R6 are removed and 
instead a resistor is provided that is connected at one end thereof to a node at which 
the PMOS transistor Q3 and the NMOS transistor Q4 are connected together and is 
connected at the other end thereof to a node at which the gate of the NMOS transistor 
Q6 and the gate voltage control portion 5 are connected together. 
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[0032] Next, an example of the circuit configuration of the PWM drive circuit shown 

in FIG. 1 is shown in FIG, 2. In Fig. 2, such circuit blocks as are found also in Fig. 1 
are identified with the same reference numerals, and their explanations will not be 
repeated. 

[0033] In the PWM drive circuit shown in FIG. 2, an AND gate 6 and an NMOS 

transistor Q7 together form the gate control portion 4, and an OR gate 7 and a PMOS 
transistor Q8 together form the gate control portion 5. 

[0034] The drain of the NMOS transistor Q7 is connected to the gate of the PMOS 

transistor Q5, and the source of the NMOS transistor Q7 is grounded. The AND gate 
6 takes the AND of the output voltage Vqut and the PWM voltage VpwM, and then 
feeds the result to the gate of the NMOS transistor Q7. 

[0035] The drain of the PMOS transistor Q8 is connected to the gate of the NMOS 

transistor Q6, and a constant voltage Vcc is applied to the source of the PMOS 
transistor Q8. The OR gate 7 takes the OR of the output voltage Vqut and the PWM 
voltage VpwM, and then feeds the result to the gate of the PMOS transistor Q8. 

[0036] Here, FIG. 3 A shows a time chart of a PWM voltage VpwM, a gate voltage Vgp 

of the PMOS transistor Q5, a gate voltage Vgn of the NMOS transistor Q6, and an 
output voltage Vqut as observed when the PWM voltage Vpwm is switched from a 
High level to a Low level in the PWM drive circuit shown in FIG. 2, For the gate 
voltage Vgp of the PMOS transistor Q5, the gate voltage Vgn of the NMOS transistor 
Q6, and the output vohage Vqut, waveforms thereof as observed when current flows 
from an output terminal 3 to a load (when sourcing current) and when current flows 
into the output terminal 3 (when sinking current) are shown. 
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[0037] The gate voltage Vgn of the NMOS transistor Q6 gradually rises with a time 

constant of a CR circuit from a point (tl) at which the PWM voltage Vpwm is inverted 
from a High level to a Low level. Then, at a point (t2 or t2') at which the gate 
voltage Vgn of the NMOS transistor Q6 reaches a threshold value Vthn, the NMOS 
transistor Q6 is switched from off to on. 

[0038] Even after the NMOS transistor Q6 is switched from off to on, the gate voltage 

Vgn of the NMOS transistor Q6 continues to rise gradually with a time constant of the 
CR circuit until a point (t4 or t4') at which the output voltage Vqut reaches a 
predetermined value Vi (= Low level) and the PWM voltage Vpwm takes a Low level. 
At point t4 or t4', the output of the OR gate 7 is switched from a High level to a Low 
level, and the PMOS transistor Q8 is switched from off to on. Thus, after point t4 or 
t4', the gate voltage Vgn of the NMOS transistor Q6 is quickly increased up to a point 
(t5 or t5') at which it reaches a predetermined value (which is nearly equal to Vgc). 
This makes a period (from point t2 to point t5 or from point t2' to point T5') during 
which the NMOS transistor Q6 cannot obtain a sufBciently low on-resistance in the 
PWM drive circuit of the present invention shown in FIG. 2 shorter than a period 
(point t2 to point t3 shown in FIG. 7) during which the NMOS transistor Q6 cannot 
obtain a sufficiently low on-resistance in the conventional PWM drive circuit shown 
in FIG. 5 or 6. 

[0039] In addition, since the gate control portion 4 built with the AND gate 6 and the 

NMOS transistor Q7 is provided, a period during which the PMOS transistor Q5 
cannot obt£un a sufficiently low on-resistance is made shorter than that of the 
conventional example (see FIG. 3B). 
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[0040] This makes it possible to achieve a through rate equal to or lower than that of 

the conventional example and thereby reduce switching noise and switching loss. 

[0041] Note that the aforementioned predetermined value Vi can be set by adjusting 

the gate width / length of a MOS transistor provided in the AND gate 6. A similar 
setting (setting of a predetermined value V2 shown in FIG. 3B) can be done for the OR 
gate 7 by adjusting the gate width /length of a MOS transistor provided in the OR 
gate 7. 

[0042] The above-described PWM drive circuit of the present invention can be 

applied to DC-DC converters, motor drive circuits, or the like. 

[0043] By connecting to the ou^ut terminal of the PWM drive circuit of the present 

invention a smoothing circuit (for instance, a circuit built with: an inductor connected 
at one end thereof to the output terminal; and a capacitor connected at one end thereof 
to the other end of the inductor and connected at the other end thereof to a ground 
potential), it is possible to achieve a DC-DC converter that suffers less from switching 
noise and switching loss. 

[0044] Next, a case in which the PWM drive circuit of the present invention is applied 

to a motor drive circuit will be described. FIG. 4 shows an example of the 
configuration of a motor drive circuit provided with the PWM drive circuit of the 
present invention. A motor drive circuit 8 has a U-phase PWM drive circuit 9, a V- 
phase PWM drive circuit 10, a W-phase PWM drive circuit 11, and a PWM voltage 
generation circuit 12. Here, the U-phase PWM drive circuit 9, the V-phase PWM 
drive circuit 10, and the W-phase PWM drive circuit 11 have the same configuration 
as that of the PWM drive circuit shown in FIG. 2. 



[0045] The output terminal of the U-phase PWM drive circuit 9 is connected to a tJ- 

phase stator coil of a three-phase brushless motor 13, the output terminal of the V- 
phase PWM drive circuit 10 is connected to a V-phase stator coil of the three-phtoe 
brushless motor 13, and the output terminal of the W-phase PWM drive circuit 11 is 
connected to a W-phase stator coil of the three-phase brushless motor 13. The PWM 
drive circuit 12 receives a motor voltage at each phase of the three-phase brushless 
motor 13, then generates a PWM voltage at each phase based on the received motor 
voltage, and then outputs the U-phase PWM voltage to the U-phase PWM drive circuit 
9, the V-phase PWM voltage to the V-phase PWM drive circuit 10, and the W-phase 
PWM voltage to the W-phase PWM drive circuit 1 1 . 

[0046] With this configuration, it is possible to achieve a motor drive circuit that 

suffers less from swritching noise and switching loss. Although the PWM drive 
circuit 12 provided in the motor drive circuit shown in FIG. 4 generates a PWM 
voltage at each phase based on a motor voltage at each phase, in a case where the 
motor drive circuit is connected to a three-phase brushless motor having a rotor 
position detecting sensor, the PWM drive circuit 12 may be replaced by a PWM drive 
circuit that receives an output signal of the rotor position detecting sensor and 
generates a PWM voltage at each phase based on the output signal of the rotor 
position detecting sensor. 

Industrial Applicability 

[0047] The PWM drive circuit of the present invention can be applied to motor drive 

circuits, DC-DC converters, or the like. The motor drive circuit can be applied to 
electric apparatuses having a motor in general, and the DC-DC converter can be used 



m 
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as a dtrect-current power suf^ly provided in an electric s^^paratus. q 



